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ABSTRACT 

The Coralliophilinae are a subfamily of Murieidae, with about 
200-250 species, mostly from temperate and tropical oceans, 
that are associated with anthozoans on which they feed. We 
present here a phylogenetic h)p)othesis for the subfamily based 
on DNA sequences (650 aligned positions) of tlie mitochondrial 
12S rDNA from 42 coralHopliilines and sLx other muricids, as 
w^ell as one fasciolariid, which seivcs as the outgroup. Relation- 
sliips among the muricid subhunilies were not resolved unef|uiv- 
ocally, but cor^ilHophiline monophyly was strongly supported. 
Two major clades emerged within the Coixilliophilinae, botli 
well supported in a Bayesian analysis. The genera Comlliophila 
and Bahelomurex as commonly understood, are clearly poKphy- 
letic, and in need of redefinition. Our results indicate multiple, 
independent incursions of Cortilliophilinae into deep water 
habitats, several producing subsequent radiations. 

Additional keywords: Neogastropoda, Coralliophilinae, Coral- 
liophila, Bahelomurex, 12s rDNA 


INTRODUCTION 

Coralliophila and related genera (e.g., Babcloinurex, 
Latiaxis, Leptoconcluis, and Quoijida) comprise tlie miir- 
icid siil)faiiiily Coralliophilinae, a highly diverse lineage of 
neogastropods that contiiins approximately 200-250 
described species distributed worldwide, mostly in warm 
temperate and tropical oceans. These species are tradition- 
iilly partitioned among 7-10 genera based on shell mor¬ 
phology. The known fossil record for coralliophilines 
extends to at least the middle Eocene (circa 40 Ma). All 
species for which the ecology is knowai are symbionts (ccto 
or endobiotic) of anthozoans (inchichng sea-anemones, 
gorgonians and reef-building coral species), on which they 
feed. 


The Coralliophilinae are well represented in deep 
water faunas of the tropical and subtropical Atlantic and 
Indo-Pacific oceans. Deep habitats are those in excess of 
100-150 m, wliich is the depth limit for hcrmatyqiic 
scleractinians. Beyond these depths, they are replaced 
by Alcyonaria, Stydasterina and Porifera. In temperate 
regions, these depth limits are likely to be closer to the 
surface, in the range of 50-100 m (mostly dependant on 
the turl:)idity of the water), where marine phanerogams 
and green algae (along \ritli the non herniat)q:)ic zoox- 
anthellatc hexacorals) arc progressively replaced by 
sponges, red algae, and octocorals. 

A detailed, quantitative analysis of shallow and deep 
faunas by area has not yet been conducted. However, 
even a conseiwative approach (i.e., extrapolating the 
“tropical” bathymetric boundaiy of 100-150 m to all 
regions) reveals a high proportion of deep-water species 
within Coralliophilinae, ranging between 65-80% for 
most regions, with a global average of 75% (Oliverio, 
2008a, 2008b, In press; Marshall and Oliverio, In press; 
M. Oliverio and C. Smriglio, pers. obseiw.) 

In the absence of a detailed fossil record of the Cor- 
alliophilinac, it is unclear whether the group originated 
in shallow water, with subsequent colonizations of deep 
water habitats, or if the ancestral members of the sub¬ 
family evolved in deeper waters, with subsequent inva¬ 
sions of photic habitats. A phylogenetic framework 
would aid in distinguishing between these mutually ex¬ 
clusive evolutionaiy scenarios. 

Previous studies l)ased on the moqdiolog)/ of digestive 
and reproductiv'e systems, along with data (^n dev^elop- 
mental and ahmentaiy ecologv^ (Richter and Liiquc, 
2002), indicated monophyly of coralliophilines, with sig¬ 
nificant thffcrenccs from the muricidsuggesting 
a derived, monophyletic radiation from an early muricoi- 
dean ancestor. Preliminaiy molecular phylogenetic studies 
(Olwerio and Mariottini, 2001; Olwciio ct ah, 2002), 
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despite limited taxonoinical coverage (11 species, ~5% of 
the known speeies), clearly showed that coialliophiliiies 
oiiginated within the ininicid radiation, indicating a 
probable sister group relationsliip with the rapanine 
lineage (s), 

We present herein a ph} logenetic study r)ased on par¬ 
tial sequence of the 12S rDNA (a portion corresponding 
to domain III), performed on 35 coralliopliiline species 
(i.e., eirea 15% ol their knowm spc^cies dh^ersit}') and 
sev en outgroup taxa. The goal of this study is to uncov er 
tlie relationships of tlie Coralliophilinae within the fami¬ 
ly Muricidae, and of as many genera as possible within 
the subfamily. 

MATERIALS AND METHODS 

Tvxon Samplinc and Specimen Collection: A total of 41 
sequences w ere analyzed in this study. Of these, 12 were 
derived Iroin previous works (Oliverio and Mariottini, 
2001; Oliv erio et ah, 2002; Mariottini et ah, 2005). ThirU 
new sequences were determined with the goal of enlarg¬ 
ing the taxonomic eov^erage to include as much of the 
moiphological div ersity of the Coralliophilinae as possi¬ 
ble. Taxon names, locality data, voucher information, 
and EMBL (The European Molecular Biolog)^ Labora- 
toiy, Heidelberg) accession numbers are provided in 
Table 1. Fasciolaria liguada (Fasciolaiiidae) was select¬ 
ed to sene as the outgroup for our setjuence analyses. 
\bneher specimens of most samples are stored at Museum 
national d'Histoire natiirelle (MNHN, Pans) and at Dipar- 
tiincnU) di Biologia Animale e deU’Uoino (DBAU, Rome). 
Double ID in Talile 1 indicates that the piimaiy^ vouelier is 
stored at MNHN and tissue samples of the v'oucher anePor 
specimen(s) from the same lot are stored at DBAU. 

Sef|uences from six muiicids, representing five addi¬ 
tional subfamilies were included in our analyses in order 
to reassess tlie monophyly of Coralliophilinae, and tlie 
sister group relationship with the Rapaninae tliat was pre¬ 
viously hvpotliesized by Oliverio and Maiiottini (2001). 

DNA Extraction, PCR, Cloninc: and Sequencing: 
Total DNA was extracted following a standard Phenol/ 
Chlorolorni/Ethanol protocol (Hillis et ak, 1990) with 
slight modification as previously described by Oliv erio 
and Mariottini (2001). DNA from difficult samples wais 
extracted by the QIACEN QiAiiip Extraction Kit, accord¬ 
ing to manulacturers instructions. DNA troiii formalin- 
fixed samples wais extracted with the standard protocol 
after vvAis hing the tissue sample 3-5 times with PBS. 

Partial sequences oF the mitochondrial gene encoding 
die 12S ribosonial DNA were PCR amplifkxl, with the 
primers 12S1 (5'-TCCCACCACCCG(]CGlTA-30 and 
/2SZZ/ (5LGACCGACGCCCGlTrT\VGTAC-30 (Oliverio 
and Mariottini 2001). Amplification conditions were as fol- 
lovv^s: For 30 sc^conds, 45-50°(> for 30 seconds, 72°C 

for 60 seconds (30-35 cycles). Tlic PCR products were 
pmificAl using the Exo-Sap enzymatic ni(4hod, and double 
strand seijiienced using the' PCTl primers. Secjuencing wais 
perlormed by Macrogen Inc, (Seoul, Korea), (diromato- 


granis were analysed by Stadeii Package (Version 1.6.0, 
Staden et ak, 1998, 2005). All sequences have been depos¬ 
ited at EMBL (see Table 1 for accession numbers). 

Sequence and Phylocenetic Analysis: The 12S seque¬ 
nces were aligned using the default settings in ClustalX 
(Thompson et ak, 1997) and then manually edited. Se¬ 
quence data were analyzed for their fit (AlC criterion) to 
different models of nueleotide substitution using Mod- 
eltest V. 3.7 (Posada and Crandall, 1998) and MrModelt- 
est w 2.2 (Nylandcr, 2004) vvdth the package PAUP* w 
4.0bl0 (Swofford, 2002). 

Analysis of the nucleotide sequence was performed 
using Mega3.1 (Kumar et ak, 2004). The uncorrected 
painvise distances (p) and the ML distances (i.e., pairwTse 
distances corrected by the assumed model of evolution 
estiniat(xl) bc'tween the sequences were calculated. To 
test for the presence of mutational saturation, uneorrect- 
ed p distances, transition (Ts) and transv^ersion (Tv) were 
plotted against the estimated ML distance (Nichols, 2005; 
Philippe et ak, 1994), The aligned sequences were ana- 
l)^ecl under tlie assumptions of maximum likelihood 
(ML: Felsenstein, 1981) and by Bayesian inferences 
(BI), using the packages Trcefinder (fobb, 2007) and 
MrBayes v. 3.1.2 (Ronquist and Huelsenbeck, 2003), re¬ 
spectively. Support to the nodes was calculated for ML 
trees by using the Expected-Likeliliood Weights (ELW: 
Strimmer and Ramlxiut, 2002) and bootstrap (bs) for 
1000 replicates, as computed in Trcefinder. A Bayesian 
analysis (BI) was performed to obtain posterior probabil¬ 
ities of branches using the software MrBayes, which 
ackipts the Markov Chain Monte Carlo method to 
sample from posterior densities (Larget and Simon, 
1999; Yang and Rannala, 1997). The model of evolution 
was the one chosen by MrModeltest. A four chain me- 
tropolis-eoupled Monte Carlo analysis was run twice in 
parallel for 1.5 x 10*^ generations, and trees were sampled 
evciy 100 generations, starting after a burn-in of 375,000 
generations. Bayesian posterior probabilities (bpp) were 
estimated on a 50% majority rule consensus tree of the 
sampled trees (after bum-in), 

RESULTS 

Partial secjiiences of the 12S ribosonial rRNA genes 
vv^ere determined and analyzed to explore the phyloge¬ 
netic relationships among coralliophilines representing 
34 species in 7 genera. The resulting sequences ranged 
in length from 507 bp in Coralliophila panormitana 
(Alonterosato, 1869) to 548 bp in Hexapicx tniaciihis 
(Linnaeus, 1758) excluding the primers. The multiple 
se(|uence alignment resulted in a total of 563 nucleotide 
positions, including gaps. 

Modeltcst and MrModeltest estimated the CTR+I+G 
model (oc = 0.7948; PinvAir = 0.2336) as the relatively 
best-fit model of nucleotide substitution for the dataset. 
The mutational saturation analysis (not shovvm) indicated 
that transitions started becoming saturated at a ML dis¬ 
tance* corresponding to inter-subfamilial comparisons. 
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Table 1. Species incliicled in the molecular analysis, with voucher ID (BAU: Dept of Animal and Human Biology, Rome; MNIIN, 
Museum National d’Histoire Natiirellc, Paris; NMSA: Natal Museum, Pietermaritzhurg), collecting data, and EMBL accession 
numbers. OM2()()l refers to Oliverio and Mariottini (2001), MSR2005 to Mariottini, Smriglio and Rolan (2005). If hvo IDs are given, 
the primaiy voucher is stored at MNHN (see text). 

EMBL Accession 
Numbers 

Family Subfamily Specimen ID Localiy 12S Ref. 


Muricidae 


Comlliophilinae Bnbrioimirex amaliae 
(Kobelt, 1907) 

BAU00332 

Astyjialava Is, (Greece) 36°33’ 

N, 026°22’ E, 35 m depth 

AJ293671 

OM2001 

Babcloimircx nrmatns 
(Sowevby, 1912) 

MNHN IM-2009-5110 
BAU00333 

Balicasag Is. (Philippines), 
tangle net. 9°30’50" N 
123"°4ri6'’ E, 150 m depth. 

FN391955 

This work 

Babeloiniircx caiinifents 
(G. B, Sowerbv II, 1834) 

MNHN IM-2009-5111 
BAU00334 

Ustica Is. (Sieily, Italy), 10 m 
depth 

FN391956 

This work 

Babe]omn rex bentardi 
Nicolav, 1984 

MNHN IM-2009-5112 
BAU00335 

C d’Ivoire, intertidal. 

FN391957 

This work 

Babelomu rex cristatu/i 
(Kosnge, 1979) 

MNHN IM-20()9-5094 
BAU()00()4 

Panglao Is., Momo Beach 
(Philippines), Panglao 2004, 

St. P4. 9°36’ N, 123°45’ E, 

80 m depth. 

FN391958 

Tliis work 

Babclomitrex debitrohiae 
(Reeve, 1857) 

MNHN IM-2009-5095 
BAU000()2 

Bohol Island, Maribohoc Bay 
(Philippines), Panglao 2004, 

St. PI, 9°36’ S, 123°45’ E, 
90-200 111 depth. 

FN391959 

This work 

BaJxiomnrex eJiaeJema 
(A, Adams, 1854) 

MNHN IM-2009~5096 
BAU00003 

Bohol Island, Maribohoe Bay 
(Philippines), Panglao 2004, 
st. PI, 9‘’36’ S, 123°45’ E, 
90-200 ni depth. 

FN391960 

This work 

BabeJomtirex geminatus 
(Shikama, 1966) 

MNHN IM-2009-5097 
BAU00013 

Panglao Is,, Momo Beach 
(Philippines), Panglao 2004, 
st. P4. 9°36’ N, 123°45’ E, 

80 ill deptli. 

FN391961 

This work 

BaheJomurex Jischkeanus 
(Dunker, 1S22) 

MNHN IM-2009-509S 
BAUOOOlO 

Nord Bellona (New Caledonia), 
Ebisco 2005, st. DW2578, 
20°2r S, 158°40’ E, 440-505 
111 depth. 

FN391962 

This work 

BabcJomnrex nakaijasui 
(Shikama, 1970) 

MNHN IM-2009-5099 
BAU00005 

Bohol Island, Maribohoc Bay 
(Philippines), Pangl\o 2004, 
st. PI, 9°36’ S, 123°45’ E, 
90-200 m depth. 

FN391963 

This work 

Babelomu rex princeps 
(Melvill, 1912) 

MNHN IM-2009-5I00 
BAU00355 

Norfolk Ridge (New Caledonia), 
Norfolk I, st. CPI713, 

23°22’ S, 168°02’ E, 

204-216 111 depth. 

FN391964 

This work 

Babelomu rex spinosus 
(Ilirase, 1908) 

MNHN lM-2009-5101 
BAU00006 

Banc Kelso (New Caledonia). 
Ebisgo 2005, st. DW2520, 
24°06’ S, 159°4r E, 

350-400 111 depth. 

FN391965 

This work 

Babelomu rex ijamatoensis 
Kosuge, 1986 

MNHN lM-2009-5102 
BAUOOOll 

Banc Nova nord (New 

Caledonia) Ebisco 2005, 
st. DW2533, 22° 18’ S, 

159°28’ E, 360 m depth. 

FN391966 

This work 

Babelomu rex ijiimimarumai 
Kosuge, 1985 

MNHN IM-2009-5103 
BAU00336 

Scorff passage (Vanuatu), 

Santo 2006, st. EP12, 

15°32’ 8, 167° 15’ E, 97 m 
depth. 

FN391967 

This work 

Coralliophila brevis 
(Blainville, 1S32) 

BAU00337 

La Maddalena Is. (Sardinia, 

Italy), 41° 15’ N, 009°26’ E, 

30 111 depth 

AJ293676 

OM2001 

Coralliophila bulbiformis 
(Conrad, 1837) 

MNHN IM-2009-5104 
BAU00012 

Baldwan Bay (Vanuatu), Sani’o 
2006, st. FR58, 15°35’S, 
167°02’E, 3-lS 111 depth 

FN391968 

This work 


(Continued) 
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F aiiiiW Subfamily 

Specimen ID 

Locality 

EMBL Accession 
Numbers 

12S Ref. 

Coralliophiia carihaca 

BAU00338 

|uan Dolio, Santo Domingo, 

15 m deptli 

AJ293677 

OM2001 

Coralliopliila clathrata 
(A. Adams, 1854) 

BAU00339 

Mtwalnme, Natal (South Africa) 
intertidal rock pools (D. 
Herbert leg, 14.iii.l986) 

FN391969 

This work 

Coralliopliila cosiiilaris 
(Lamarck, 1S16) 

MNHN IM-2009-5113 
BAU0034() 

Darsa Is., N side, Soqotra 
Archipelago (Yemen), 7 m 
depth, 9.ii.2000 

FN391970 

This work 

ComUiopliild erosa (Riklin^, 
1T9.S) 

MNHN IM-2009-5105 
BAU00341 

East Malo Island (Vanuatu), 
Santo 2006, st. DBS6, 

15°38’S, 167°15’E, 13 m 
depth 

FN39197I 

This work 

Coralliopliila fontanangioiji 
Smriglio and Mariottini, 
2()00" 

MNHN IM-2009-5114 
BAU00342 

Teno Snr, Tenerife, Canaiy Is. 
(Spain), 2S°20’30” N 

16°55’30" \V, 15 m depth 
20.11.94 on Madracis 
aspcrida 

FN391972 

This work 

Coralliopliila kaofi to nun 
\^ega-Luz, V^ega-Liiz and 
Liujue, 2002 

MNHN IM-2009-5115 
BAU00343 

Teno Snr, Tenerife, (lanaiy Is. 
(Spain), 2S°2()\30" N 

16°55’30" \V, 32 m depth 

20.11.94 on Antipates 
wollastoni 

FN391973 

This work 

Coralliopliila nici/eiuloijfii 
(Calcara, 1S45) 

BAU()0344 

Cape Circeo (Latinm, Italy), 

41°IF N, 013°04’ E, 7 m 
depth 

AJ297519 

OM2001 

Coralliopliila violarca 
(Kiener, 1S36) 

BAU00345 

Taiwan, 23°l(rN, 120°05’E 5 in 
depth 

AJ293679 

OM2001 

Coralliopliila panonnitana 
Monterosato, 1S69 

BAU00346 

Cape Circeo (Latinm, Italy), 
41°1FN, 013°04’E, 70 m 
depth 

AJ2936S1 

OM2001 

Co ral 1 iopJi i la rad ill a 
(A. Adams, 1855) 

BAU00015 

Rarotonga (Cook Islands), 
21°12'S 159°43'W, 12 m 
depth. 

FN391974 

This work 

Coralliopliila scinaniosissiina 
(E. A. Smith, 1876) 

NMSA D9663 

Boteler Point, Zululand (South 
Africa). 27°00’42” S 32°52’00" 
E, intertidal rock pools, 
amongst Palijthoa sp. July 

1987 " 

FN391975 

This work 

Co rail iof diila trigoi 

Mariottini, Smriglio, and 
Rolan, 2005 

BAU00347 

Camarinas, Calicia (Spain), 
northeastern Atlantic Ocean, 
15-50 m depth 

AJ9:37305 

MSR2005 

11 i /to mil rex filiaregis 
(Kurohara, 1959) 

MNHN IM-2009-5106 
BAU00014 

West Bellona (New Caledonia) 
Ebisco 2005 St. DW2549, 
21°07 ’ S, 15S°38’ E, 330 m 
depth. 

FN391976 

This work 

Latiaxis hai/asliii (Shikama, 
1966) 

MNHN IM-2009-5116 
BAU0034S 

Norfolk Ridge, 23°45'S, 

168°17'E; 400-500 m depth. 

FN391977 

This work 

Laiiaxis jyilsbriji llirase, 

1908 

MNHN IM-2009-5107 
BAUOOOOS 

Banc Nova north (New 

Caledonia) Ebisco 2005, st. 
D\\^2534, 22° 17' S, 159°2S’ 

E, 390 m depth. 

FN39197S 

This work 

Lcptoconcliiis sp. 

MNHN IM-2009-5108 
BAU00062 

Panglao Is., Sungcolan 

(Philippines), Panglao 2004, 
st. R47, 9°39’ S, 123°49' E, 
4-25 m depth. 

FN391979 

This work 

Quoijida monodonia 
(Sowcn-by, 1832) 

BAU00349 

Bunaken Is. (Sulawesi, 
Indonesia), 01°37’N, 

124°46’E. 

AJ293675 

OM2001 




(Continued) 
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Table 1. (Continued.) 


Family 

Subfamily 

Specimen ID 

Locality 

EMBL Accession 
Numbers 

12s Ref. 


Rapa rapa (Linnaeus, 1758) 

MNllN lM-2()09-51()9 
BAU0()()85 

Panglao Island, Napaling 
(Philippines), Panglao 2004, 

St. R19, 9°37’ N, 123°46’ E, 
2-54 m depth. 

FN391980 

This work 

Ocenebrinae 

Niicella lapiUiis Linnaeus, 
1758 

BAU0()187 

Portohello (UK), 55°57’ N 3°06’ 
W, intertidal 

AJ293668 

OM2001 

Muricinae 

Hexaplex tninculiis 
(Linnaeus, 1758) 

BAU()()351 

San Pietro Is. (Sardinia, Italy), 
39rt)9’ N, 008^2’ E, 3-4 m 
depth 

AJ293669 

OM2()01 

Muricopsinae 

Miiricopsis cristata (Brocchi, 
1814) 

MNHN lM-20()9-5117 
BAU00352 

San Pietro Is. (Sardinia, Italy), 
39°09’ N, 008° 12’ E, 3-4 m 
depth 

FN391981 

This work 

Rapaninae 

Crania sp.l 

MNHN lM-2009-5118 
BAU()()619 

Tolo Channel, Hong Kong, 

22°27’ N, 114°16’ E, 1 ni 
depth 

FN391982 

This work 


Crania sp.2 

MNllN lM-2()09-5119 
BAUOOLSS 

Rarotonga (Cook Islands), 

21° 12 " S 159°43’ W, 12 m 

FN391983 

This work 

Fasciolariidae 

Sfranianita haemastania 
(Linne, 1767) 

BAU()0354 

San Pietro Is. (Sardinia, Italy), 
39°09’ N, ()()S°12’ E, 3-4 m 
depth 

AJ293670 

OM20()1 

Fasciolariinae 

Fascialaria lignaria 
(Linnaeus, 1758) 

BAU00350 

San Pietro Is. (Sardinia, Italy), 
39°09’ N, 008° 12’ E, 3-4 m 
depth 

AJ293682 

OM2001 


Figure 1 illustrates tlie tree recovered from tlie Bayes¬ 
ian analysis. As maximum bkeliliood ELW and bootstrap 
values (bs) were identical to four decimal places, only die 
bs are indicated on die tree, along with the bayesian poste¬ 
rior probabilities (bpp). Monophyly of CoraUiophilinae was 
well supported in both ML (10() bs) and B1 analyses (100 
bpp). A sister-group relationship widi die Rapaniiiae, 
represented in the tree by Stramonita haemastoma, did 
not receive high support, while B1 supported a closer 
relationship of (]oralIiophilinae \rith Muricopsinae (repre¬ 
sented hy Muhcopsis aistata) than widi any other muricid. 

The internal arrangement of die coralliophilines in the 
tree was characterized by die soiting of the species into 
hvo well-supported clades: Clade A (93 bpp) included 
Qnoyiila monodonta, Babelomiirex Usdikeanns, die endo- 
biotic taxa (Rapa, Leptoconchiis), and die Eastern Adantic/ 
Mediterranean species usually included in Conilliophila; 
Clade B (100 bpp, 100 bs) included the remaining 
Coralliophila species, along \ridi die taxa traditionally 
ascribed to Latiaxis, Hirtomiirex, and Babelomiirex. 


DISCUSSION 

CoraUiophilinae has been regarded (either explicitly or 
implicitly) as a monophyletic group since Thiele (1929), 
who erected the family Magilidae based on the absence 
of jaws or a radula. Subsequent workers suggested other 
characteristics (e.g., a long pleurembolic proboscis, ab¬ 
sence of accessoiy salivary glands, absence of dorsal glan¬ 


dular folds of the oesophagus, and fusion of the paired 
salivaiy ducts into a single duct) as possible synaponior- 
phies of CoraUiophilinae (Collar and Solinian, 1963; 
Ward, 1965; Ponder, 1973; Massin, 1987, 1990; Kantor, 
1995). Our present molecular analysis, \rith a signifi¬ 
cant sampling of coralliophiline taxa for partial 12 S 
rDNA sequences, strongly supports the monophyly of 
CoraUiophilinae (with high ELW, bootstrapped ML, and 
bpp), substantiating the preliminaiy conclusions from 
our prerious studies (Oliverio and Mariottini, 2001; 
Oliverio et ah, 2002). 

Harasewych et al. (1997) as well as Oliverio and 
Mariottini (2001) and Oliverio et al. (2002), reported a 
sister group relationship behveen CoraUiophilinae and 
Rapaninae. In the present study, we failed to recover 
this relationship. Instead, Muricopsinae and Ocenebri- 
nae emerge as being more closely related to Coralliophi- 
linae than did Rapaninae. However, given the level of 
saturation of transitions at maximum likelihood distances 
corresponding to inter-subfamilial comparisons, as well 
as the poor taxonomic sampling of muricid subfamilies, 
tliese results should be considered preliminaiy. 

The results of the current analyses reveal that Coral- 
liophilinae are resolved into two distinct clades (A and B 
in Figure 1), each wdth high levels of support, confirm¬ 
ing the preliminaiy indications by Oliverio and Mariot¬ 
tini (2001) and Oliverio et al. (2002). Clade A includes 
Quoijiila monodonta, Coralliophila clathrata, the endo- 
biotic taxa (Rapa. Leptoeonchus), the deep-water enig¬ 
matic taxon ‘^Babelomiirex’^ lisckeanus, and the Eastern 
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Fasciolaria lignaria 

- Hexaplex trunculus 


87 


1001 


99 


• Stramonita haemastoma 

- Cronia sp. 1 

-Cronia sp. 2 


91 


96 


■ Nuceila lapHlus 
- Muricopsis cristata 


Sir 


Clade A. 


0.1 


100 


100 


93 


l98r 
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Figure 1. Bayesian tree, portraying phylogenetic relationsliips among the assayed species. Numbers at the node are Bayesian 
posterior probabilities (11,250 trees) and nnixiinum likelihood bootstrap supports (lOOO replicates; in italic). The star indicates the 
branch leading to the monophyletic CA)ralliopliilinae. Symbols: ■, deep water species; □, sliallow water species. 


Atlaiitic/Mediterranean species usually included in Cor- 
alliopliila. Tl ie positions of the endobiotie Leptoconchus 
sp. and Rapa rapa in the* tree suggest that endobiosis 
may have originatc^d at least twice in this group, a unpar- 
siiuonious Inq^othesis to be lurther tested. Leptoconchus 
species are endoparasites of 1 lexacorallia, while Rapa 
species li\e within soft corals (Octocorallia). Qiioifiila 
)nono(lo}){a Feeds upon Scleraetiuia and Coralliophila 
clafhrala on Zoanthidc'a. Wo iulta* that this clade had its 
origins as ectoparasites ol sliallow water hexacorals, with 


a single ascertained shift to octoeorals (Rapa), hvo adap¬ 
tations for endobiosis, and at least one colonization of 
dt'Cp water habitats (‘71.” lisekeanus). 

Clade B iucTides all the remaining eonJliophiline spe¬ 
cies in onr study The close, sister group relationslnp (100 
bs, 100 bpp) betwwn Latiaxis haijasliii and L. pilsbriji 
supports the monopliyly of tlie genus Latiaxis sensii stricto 
(the t)^ie species, L. niaicac, was not inc luded in the anal¬ 
ysis.) Howev er, the monophyliexs of the vvadely used genera 
Coralliophila and Babclonuircx are not supported. 
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Oliverio and Marioltini (2001) and Oliverio et al. 
(2002) suggested that the genus CoraUioplula. as nsnally 
understood, nuiy be poKpliyletie. The hpe speeies ol 
CoralUophila^ C. liolacca. forms a pair with the mor- 
phologieally similar, Indo-Pacifie C. radula, and, with 
another pair (C. biillnfomis and C. costiilaris), are in- 
eluded in a clade prc^dominatrHl by eleven speeies of 
Bab('lo)iuircx. Two otlier species, the Caribbean C. car- 
ihdca and the Indo-Paeifie C. crosa, belong in Clade B. 
Most of tlie speeies usuallv inchided in Coralliophila s.l. 
are in clade B. We tirge tlie need lor a re-definition of 
the genus Coralliophila, and for a restrietion of its use. 
For the other species traditionally iruiuck‘d in CoyaUio- 
phila there is a long list of namc‘s, potential candidates for 
the other lineages (e.g., Fseudoaaircx Monterosato, 1(S72). 

The t\pe species of Babelo)nurcx. the eastern Atlantic/ 
Mediterranean B. eariiiifcnis, emerges as the sister tax¬ 
on of tlie West African B. bvniarcli. a relationship wxrll 
supported by slu^ll morpholog)^. Both species live in slial- 
low^ winters. Most of the remaining species assigned to 
the genus Babchauurcx form a w^ell defined clade 
{B. Sj)iiiosas, B. diadcina, B. aakaijasui, B. anaahis, 
B. yuaii)uaruniai. B. cristatiis, B. f^onaiatus and B. pria- 
ccps), of deepwvater Indo-Pacific species tliat do not 
appear to he monophyletic with tlie t\pe species of 
Babeloiiiiirex. This group is likeiv tlie result of an inde¬ 
pendent radiation following the shift to a deep-wmter 
habitat by a shallow winter ancc\stor. Other species of 
Babclomiircx, B. dcbnrghiae, B. ijamatocnsis, and even 
B. aaiaJiac, form an unresolved polytoniy witli this clade. 
In addition, speeies presently assigned to iruioauircx 
and Latiaxis li\e in a deep w^ater habitat, representing 
possible additional deep-wxiter colonization/radiation 
events within Coralliophilinac. 

Considering tlie global pattern ol batliymetiie distri¬ 
bution (~75% of knowai coralliophiline s[)ecies in deep 
waters), a likely lixpothesis for tlu‘ coralliopliiline radia¬ 
tion involves multiple eolonizations ol deep-water habi¬ 
tats, with many or most resulting in adii[)ti\’e radiations. 
Unfortunately, the veiy^ limited information on the host 
associations of deep w^ater Corallioplhlinae (e.g., Taviani 
et al., 2009) is an inipediment to a clear nnderstanding 
of the factors iin olved in such radiations. 
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